The present investigation was conducted to compare between the ecotoxocological effects of Ca, Mg, Fe, Cu, Zn, Co, Mo, Mn, B, Al, Sr, Pb, Ni, Cd and Cr on the sawscaled viper, Echis pyramidum (E. p.) and the Kenyan sand boa, Eryx colubrinus (E. c.) inhabiting Gabal El-Nagar and Kahk Qibliyyah respectively in El-Faiyum desert, Egypt. Accumulation varied significantly among the liver, kidney and muscle. The relationship between concentrations of heavy metals in snakes and those in the soil from the collected sites was established by analyzing metal DPTA in soil. Bioaccumulation factor is calculated to estimate the degree of toxicity within the tissues. Morphometric analysis was recorded. All body morphometric measurements were higher in E. p. than in E. c.. Body, liver, gonad, kidney and heart weight, HSI, GSI, RBCs count, Hb content, PCV, MCV, MCH, MCHC, plasma glucose, total lipids and total proteins showed a significant increase in E. p. Histopathological examination showed damage and alterations of liver, kidney and testes sections. The tissues of E. c. were more destructed than those of E. p.. Key words: Echis pyramidum, Eryx colubrinus, heavy metals, DPTA, Accumulation, Bioaccumulation factor, Biological parameters, Morphometrics.
Introduction
Little is known about snakes in the field of ecotoxicology and it needs several investigations (Albers et al., 2000; Hopkins, 2000; Sparling et al., 2000 and Selcer, 2005); because snakes are cold blooded (poikilothermic) animals, and they have low rates of catabolism, thus, they may maintain higher body burdens of contaminants (Gibbons et al., 2000). As environmental contaminant is considered one of the major six factors, that contributes to the decline of the snake populations (Todd et al., 2010), therefore, studies have been increased over the last decade seeking for the conservation of the snakes, and assert on the role played by the bioindicators in the change of the response to a certain stress, and this will guide to the endangered snake species 
Morphometric measurements:
The snakes were separated and anaesthetized, SVL (Snout-vent length) (mm), TL (Tail length) (mm), TBL (Total body length) (mm), and HL (Head length) (mm) were measured by using Vernier caliper. Body, liver, heart, and kidney weight (g); hepatosomatic index (HIS), and gonadosomatic index (GSI) were estimated. These data gives a precise evaluation of the status of the snake's body during the study (Gómez et al., 2016). Blood Collection and hematology: Blood samples were taken from the heart into the heparinized eppendrofs after the snakes being decapitated. Neubauer haemocytometer was used to determine red blood corpuscles count (RBCs). Hemoglobin was estimated spectrophotometrically in whole blood collected in heparin according to the method of Drabkin and Austin (1932) using a kit of Biodiagnostics Company. Hematocrit centrifuge was used to measure packed cell volume (PCV). Blood indices [Mean Corpuscular Volume (MCV), Mean Corpuscular Hemoglobin (MCH), and Mean Corpuscular Hemoglobin Concentration (MCHC)] were calculated according to Gupta (1970) . Plasma Biochemistry: A part of blood was centrifuged for five minutes at 10000 rpm. The plasma was removed, placed in another clean eppendorf tubes, immediately frozen at -20oC and stored for biochemical analyses. Plasma glucose was estimated spectrophotometrically according to the method of Trinder (1969) using a kit of Biodiagnostics Company. Plasma total lipids were estimated spectrophotometrically according to the method of Zöllner and Kirsch (1962) using a kit of Biodiagnostics Company. Plasma total proteins were determined spectrophotometrically according to the method of Gornall et al. (1949) using the kit of Biodiagnostics company. Heavy metals bioaccumulation in liver, kidney, and muscle tissues of snakes: 0.5 g of each tissue, 7 ml of HNO3 (65%) and 1 ml of H2O2 (30%) reagents were added in a closed vessel to be put inside the temperature control microwave digestion for the metal determination by the spectroscopic method. The samples were left to be cooled for 24 hours in the room temperature, and then the digested solutions were transferred to 25 ml conical to be diluted; finally, they were ready to be measured by using ICAP (Inductive Coupled Aragon Plasma), after they were calibrated at 0.05 ppm.
Non-essential heavy metals [Pb & Cr] collected from Kahk Qibliyyah showed a highly significant increase (P < 0.001) than those in soils collected from Gabal ElNagar except Sr which was significantly higher in Gabal El-Nagar [0.708±0.135] than in Kahk Qibliyyah [0.698±0.082] (P < 0.001). B concentration recorded a highly significant increase (P < 0.01) in soils collected from Gabal El-Nagar compared to those collected from Kahk Qibliyyah, while Cd concentration showed that a highly significant increase (P < 0.01) in soils collected from Kahk Qibliyyah compared to those collected from Gabal El-Nagar. Ni concentration revealed a significant increase (P < 0.05) in soils collected from Kahk Qibliyyah than those in soils collected from Gabal El-Nagar. Al concentration was higher in Gabal El-Nagar than in Kahk Qibliyyah and showed insignificant difference (Table 7) . The Saw-scaled viper, Echis pyramidum bioaccumulated a very highly significant concentrations (P < 0.001) of some essential heavy metals (Mg, Zn and Mn) in their studied tissues (liver, kidney and muscle) than in the Kenyan sand boa, Eryx colubrinus. Fe was bioaccumulated in the Kenyan sand boa, Eryx colubrinus in very highly significant concentartions in liver (P < 0.001), and highly significant concentrations in kidney (P < 0.01), and it was higher in muscle with insignificant difference compared to the saw-scaled viper, Echis pyramidum. While Mo was highly significant bioaccumulated (P < 0.01) in liver and kidney tissues of the Kenyan sand boa, Eryx colubrinus, it revealed a significant increase (P < 0.05) in muscle of the Kenyan sand boa, Eryx colubrinus than in the saw-scaled viper, Echis pyramidum. The bioaccumulation of Ca in liver tissue showed a very highly significant increase (P < 0.001) in the Kenyan sand boa, Eryx colubrinus than in the saw-scaled viper, Echis pyramidum, while kidney and muscle tissues of the saw-scaled viper, Echis pyramidum recorded a very highly significant increase (P < 0.001) than in the Kenayn sand boa, Eryx colubrinus. The bioaccumulation of Cu in kidney and muscle tissues of the Kenayn sand boa, Eryx colubrinus were very highly significant increase (P < 0.001) and highly significant increase (P < 0.01) respectively but it recorded a very highly significant increase (P < 0.001) in liver of the saw-scaled viper, Echis pyramidum than in the Kenyan sand boa, Eryx colubrinus. Co was bioaccumulated in liver and kidney tissue of the Kenayn sand boa, Eryx colubrinus than in the sawscaled viper, Echis pyramidum with very highly significant difference (P < 0.001) while in muscle tissues, Co was detected only in the Kenyan sand boa, Eryx colubrinus (Table 8 ). The present data showed that the saw-scaled viper, Echis pyramidum bioaccumulated a very highly significant concentrations (P < 0.001) of Sr in the selected tissues (liver, kidney and muscle) than in the Kenyan sand boa, Eryx colubrinus. The bioaccumulation of Cd in liver and kidney showed a very highly significant concentrations (P < 0.001) in the Kenyan sand boa, Eryx colubrinus than in the saw-scaled viper, Echis pyramidum while muscle recorded a very highly significant concentrations (P < 0.001) in the sawscaled viper, Echis pyramidum than in the Kenyan sand boa, Eryx colubrinus. Cr bioaccumulated a very highly significantly concentrations (P < 0.001) in kidney and muscle of the Kenyan sand boa, Eryx colubrinus while liver of the saw-scaled viper, Echis pyramdium revealed a very highly significantly concentrations (P < 0.001) than the saw-scaled viper, Echis pyramidum. Al was very highly significantly bioaccumulated (P < 0.001) in liver and muscle of the saw-scaled viper, Echis pyramidum and a highly significant concentration (P < 0.01) was recorded in kidney of the saw-scaled viper, Echis pyramidum than in the Kenyan sand boa, Eryx colubrinus. B bioaccumulated a very highly significantly concentrations (P < 0.001) and highly significant concentrations (P < 0.01) in [liver and muscle] and kidney respectively of the Kenyan sand boa, Eryx colubrinus than in the saw-scaled viper, Echis pyramidum. Ni recorded a very highly significant concentrations (P < 0.001) and significant concentrations (P < 0.05) in liver and [kidney and muscle] respectively of the saw-scaled viper, Echis pyramidum than in the Kenyan sand boa, Eryx colubrinus. Pb bioaccumulated in kidney of the saw-scaled viper, Echis pyramidum with a very highly significant concentrations (P < 0.001), it revealed a significant increase (P < 0.05) in liver and muscle of the Kenyan sand boa, Eryx colubrinus and the saw-scaled viper, Echis pyramidum respectively (Table 9) . Bioaccumulation factor in Gabal El-Nagar was higher than in Kahk Qibliyyah except Mg and Mo, bioaccumulation factor of Co in muscle in Gabal El-Nagar was not detected (Table 10) . Bioaccumulation factor of non-essential heavy metals in Gabal El-Nagar was higher than in Kahk Qibliyyah except B and Al (Table 11) . Section of liver of the saw-scaled viper, Echis pyramidum showed congestion in central vein with intracytoplasmic vacuolization of hepatocyte (Fig 3 A) , and it also showed congestion in the portal vein surrounded by fibers and blood sinusoids that considered a sign of fibrosis (Fig 3 B) . Section of liver of the Kenyan sand boa, Eryx colubrinus showed severe dilations of central vein surrounded by fibers with severe degeneration in hepatocytes in the surrounding area (Fig 4 A) , it showed focal aggregation of melanin-pigmented cells in the hepatic parenchyma (Fig 4 B) , and Fig. 4 C was a magnification of Fig. 4 B. Section of kidney of the saw-scaled viper, Echis pyramidum showed hypertrophy and vacuolization in the lining epithelium of distal convoluted tubules (Fig 5 A) , it showed focal extravasation of red blood cells between degenerated distal convoluted tubules (Fig 5 B) , it also showed hyalinization in the connective tissue stroma between the degenerated distal convoluted tubules (Fig 5 C) . Section of kidney of the Kenyan sand boa, Eryx colubrinus showed hypertrophy and vacuolization in the lining epithelium of distal convoluted tubules (Fig 6 A) , it showed course granular eosinophilic cytoplasm in the tubular lining epithelium of distal convoluted tubules (Fig 6 B) , (Fig 6 D) . Testes of the saw-scaled viper, Echis pyramidum showed degeneration in the seminiferous tubules and vacuolization in all the stages of sperm formation associated with the loss of spermiogensis (Fig 7 A) 
t-values = Student t-test between
Echis pyramidum and Eryx colubrinus for each studied parameter.
*** Very highly significant difference at (P < 0.001). t-values = Student t-test between the studied sites in El-Faiyum desert for each estimated heavy metal.
* Significant difference (P < 0.05), ** Highly significant difference (P < 0.01), *** Very highly significant difference (P < 0.001). t-values = Student t-test between the studied sites in El-Faiyum desert for each estimated heavy metal. * Significant difference (P < 0.05), ** Highly significant difference (P < 0.01), *** Very highly significant difference (P < 0.001). 
4.274**
Data are represented as means of eight samples ± S.E. t-values = Student t-test between Echis pyramidum and Eryx colubrinus in some selected organs for each estimated heavy metal. * Significant difference (P < 0.05), ** Highly significant difference (P < 0.01), *** Very highly significant difference (P < 0.001). 9.03*** Data are represented as means of eight samples ± S.E , t-values = Student t-test between Echis pyramidum and Eryx colubrinus in some selected organs for each estimated heavy metal. * Significant difference (P < 0.05), ** Highly significant difference (P < 0.01), *** Very highly significant difference (P < 0.001). 
t-values = Student t-test between
Echis pyramidum and Eryx colubrinus in some selected organs for each estimated heavy metal. * Significant difference (P < 0.05), ** Highly significant difference (P < 0.01), *** Very highly significant difference (P < 0.001). 11.677*** Data are represented as means of eight samples ± S.E.
Echis pyramidum and Eryx colubrinus in some selected organs for each estimated heavy metal. * Significant difference (P < 0.05), *** Very highly significant difference (P < 0.001). (Hopkins et al., 2005) .
Results of the present investigation showed a significant increase in the body weight, liver weight, hepatosomatic index, gonads weight, gonadosomatic index, kidney weight and heart weight of the saw-scaled viper, Echis pyramidum and significant decrease in the body weight, liver weight, hepatosomatic index, gonad weight, gonadosomatic index, kidney weight and heart weight of the Kenyan sand boa, Eryx colubrinus. . Identification of accumulated heavy metals in snakes" tissues provides a measure of the extent of pollutant exposure experienced by organisms but fails to provide insight into the biological significance of exposure to pollutants; therefore, the demand of examining the physiology and/or ecology of snakes in conjunction with tissue concentration of environmental contaminants has been increased (Hopkins et al., 1999) .
Results of the increase in body weight
Results of the present study showed that a significant increase in the blood parameters and calculated blood indices of the saw-scaled viper, Echis pyramidum while there is a significant decrease in the blood parameters and calculated blood indices of the Kenyan sand boa, Eryx colubrinus.
Results of Tosunoglu et al. (2011)
showed that the venomous snakes exhibited a significant increase in the blood parameters and calculated blood indices, while non-venomous snakes exhibited a significant decrease in the blood parameters and calculated blood indices, and this finding agreed with the present investigation. The variations in the blood parameters and calculated blood indices could be explained by not only the differences of the normal behavior of each species but also, food and activities of each species ( . Since the bioaccumulation of metals has been established, the present study focused on the soil as a media transmitting heavy metals into the snakes' tissues and the biological consequences as a result of heavy metals uptake into the snakes' tissues.
The relationships between the concentration of heavy metals in snakes and those in soil should be examined from their respective collection sites (Rainwater et al.,  2005) . In this report, the status of essential heavy metals (Ca, Mg, Fe, Cu, Zn, Co, Mo and Mn) and non-essential heavy metals (B, Al, Sr, Pb, Ni, Cd and Cr) in Gabal ElNagar and Kahk Qibliyah in El-Faiyum, Egypt was studied and associated with the bioavailability of heavy metals in the saw-scaled viper, Echis pyramidum and the Kenyan sand boa, Eryx colubrinus. El-Faiyum's soils are alkaline in nature and rich in CaCO3 (Abd Elgawad et al., 2007) .
The results of our findings revealed that the concentrations of DTPA heavy metals in the surface of soil are variable (Table 7&8) , and this agrees with Abd Elgawad et al.
(2007) and Abdel Kawy and Belal (2012) who state that the surface layer of ElFaiyum's soils has been subjected to heavy metals as result of atmospheric depositions, applied commercial fertilizers (phosphates in particular), pesticides, manures, waste disposals and may be discharge of untreated domestic sewage and they also suggested that top soils of El-Faiyum have been subjected to heavy metal contaminations and this because of the fact of being close to the main roads and urban areas and also using drainage water as a source of irrigation water in El-Faiyum depression enhance the toxicity of surface soil by increasing heavy metal accumulation because drainage water has high heavy metal content as result of pollution effects, finally these factors jeopardize the health status of the surrounding biota. used the prey items of annulated sea snakes to prove that the fact that snakes as predators are able to bio-magnify environmental contaminants within ecosystems and they are also able to transmit contaminants into food chain because they have conversion efficiencies and can convert a large amount of ingested energy into biomass which may be associated with bio-magnification of environmental contaminants. In this study, we investigate the relationship between the contaminant concentration in the liver, kidney and muscle tissue in the saw-scaled viper and the Kenyan sand boa and their relations with the soils from the collected sites. The simplest explanation for the difference between our field study and the previous studies conducted by the authors in laboratories (Hopkins et al., 1999 and Hopkins et al., 2001) was that snakes collected from field had been exposed to heavy metals for a longer period of time and thus the chance to accumulate heavy metals would be In short, snakes exposed to inorganic contaminants and ingest polluted diet exhibit liver pathology and alteration in liver structure (Ganser et al., 2003) . Such abnormalities were conspicuous in nearly one-third of snakes exposed to the contaminated diet, yet exposed snakes otherwise appeared healthy (Hopkins et al.,  2002) . 
